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Subject: Aerodynamic model studies of the outlet works intake s t ructure  
for Twin Buttes Dam--San Angelo Project,  Texas 

PURPOSE 

Tests  were  made to develop cavitation-free entrances and to determine 
losses for  the three-barrelled inlet s tructure of the outlet works. 

CONCLUSIONS 

1. The circular bellmouth entrances initially proposed produced cavita- 
tion pressures on  some of the flow surfaces when the .outlet gates (or a 
gate) were fully opened and the reservoir  elevation was high (Figures 4, 
6, 7 ,  arid 8). 

2. The severe subatmospheric pressures  found in the circular bellmouths 
were relieved by disrupting the flow with spoilers at the entrances (Fig- 
u res  5 3  and 10). The spoilers presented construction problems that pre-  
cluded their  use on this structisre. 

3. Subatmospheric p ressures  that occurred on the crown of the circular  
entrances were relieved by lowering the approach floor (Figure 9). How- 
ever,  the amount of relief was inadequate, and lowering the approach 
floor in the field was impractical. 

4. Larger  circular  bellmouths with less  rapid curvatures were pre-  
cluded by the desirability of maintaining the conduits on 20-foot centers. 

5. Rectangular bellmouth entrances with watertight stoplog slot covers 
produced positive p ressures  on all flow surfaces fo r  any reservoir  eleva- 
tion and any combination of gate openings (Figures .ll , 12, 15, and 16). 
The rectangular entrances allow retaining the 20-foot spacing between 
conduits. 

6. If water is permitted to enter  the conduit through the stoplog slots 
during outlet operations, cavitation pressures  will exist on the tunnel 
roofs just downstream from the slot (Figure 14). Use of covers over 
the top openings of the slots  will prevent this difficult>*. 





second. 2 1 ~ e l e i i s e s  gFeater than 600 cubic feet per second, and up7'to 
the maxrmum of 35,700 cubic feet per second, a r e  co~ t ro l l ed  by the 
three 1 2 -  by 15-foot top seal  radial regulating gates. The conduits a r e  
placed a s  close together a s  possible for practical and economic reasons. 

At the highest discharges, f l o ~ ~  velocities up to 63 feet per second will 
occur in the circular conduits. Correspondingly high velocities will 
occur within and near the bellmouth inlet structure where the flow experi- 
ences appreciable turning and rapid accelerations. These factors tend to 
induce subatmospheric pressures on the boundaries and to produce damag- 
ing cavitation. Also, unsymmetrical releases, which might a t  some time 
be necessary due to a gate malfunction, could aggravate the severe pres-  
sure problems to produce even more dangerous conditions. Model studies 
of the inlet structure were therefore made to determine the operating condi- 
tions and to develop the design most appropriate for construction. 

THE MODEL 

In studies where the system flows completely full, low velocity a i r  may 
be used a s  a test fluid for hydraulic structures without introducing appre- 
ciable error .  31 Aerodynamic models a r e  characterized by simplicity of 
construction,-ease of obtaining data, and economy. The laboratory study 
on the Twin Buttes intake structure concerned a deeply submerged, com- 
pletely filled structure, and was made using a i r  a s  the testing fluid. 

The model was constructed on a linear scale of 1:23.25 (Figure 4). It 
included an approach apron, the triple-bellmouth entrance structure, 
and three parallel circular conduits representing 70 feet of the proto- 
type tunnels. The conduits terminated in a 200-cubic-foot plenum 
chamber which was connected to the inlet of an air blower. Thus, air 
was drawn through the bellmouth entrances from the atmosphere. Air 
could be drawn through one of the 8 -inch-diameter tunnels a t  a velocity 
of 150 feet per second, o r  through all  three tunnels a t  53 feet per second. 
Gates were provided at the stoplog slots of each conduit so  the individual 
tunnels could be shut off o r  opened as desired. 

In the preliminary design, circular bellmouths were used (Figures 4 
and 5). The bellmouth stlrfaces were formed of smoothly screeded con- 
crete, the approach apron was made of plywood, and the remainder of 
the model was constructed of sheet metal. Pressure  taps (piezometers) 
were located in regions where adverse pressures were considered pos- 
sible. In particular, these regions included surfaces of the bellmouths 
lying on the horizontal and vertical centerlines where flow contractions 
would be most severe. 

m y d r a u l i c  Model Studies of the 2 -  by 2-Foot Twin Buttes Regulating 
Gate, " Laboratory Report No. Hyd-476 by H. T. Falvey. 
3 /"Model Tests Using Low Velocity Air" by J. W. Ball, Transactions, 
ASCE, Vol. 117, 1952, Paper No. 2517. 





Stoplog slot covers.  In the f i r s t  tests  of the rectangular entrances, 
cavitation pressures  were found on the crowns of the tunnels just down- 
s t ream from the stoplog slots  (Figure 14). I t  was apparent that these 
adverse pressures  were caused by flow entering the conduit through the 
slots. When the tops of the s lots  were sealed to prevent this flow, the 
adverse pressures  were el-iminated (Figure 14). Watertight stoplog 
slot  covers were used in al l  subsequent tests .  
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in their proper design. p ressure  measurements showed that for maximum 
flow through the outlets and maximum water surface elevation a pressure 
differential of 54. 2 feet of water acted across the covers (Figure 17). This ' 

differential produces a downward hydraulic force of about 97,500 pounds on 
each stoplog cover. 

Pressure  conditions. The test  showed that the pressures on the flow su r -  
faces would be positive for all combinations of outlet operation (Figures 15 
and 16). The expected drop in pressure gradient was noted in the vicinity 
of the stoplog slots at the crown and at the sidewalls, but this drop was 
small and the pressures remained positive. 

Entrance head loss. The head loss from the reservoir  to the downstream 
ends of the transitions was determined for the rectangular entrances. 
When all three outlets were operating the head loss in each inlet was 
0.1 16 (v2 /2g), where V is the velocity in the 1 5 -1 12 -foot circular conduit 
(Figure 18). When only one outlet was operating, its head loss was 
0.118 (v2 /2g). 

SUMMARY 

Studies showed that circular bellmouth entrances (Figure 4) would be 
unsatisfactory for Twin Buttes outlet works due to the existence of cavita- 
tion pressures on some of the f lo:~~ surfaces during operation a t  maximum 
discharge. Larger circular bellmouths with less  rapid curvatures were 
precluded by the necessity of keeping the three tunnels close together. 
Rectangular bellmouth entrances allowed the same tunnel spacings and, 
with watertight stoplog slot covers, produced positive, and hence satis-  
factory, pressures throughout the system. The rectangular entrances a re  
recommended for the outlet works intake structure. 
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Report Hyd 470 

A. Preliminary Design 

B. Floor lowered. 3 feet, and 2-foot-diameter cylindrical 
piers and 4-foot-diameter semicylindrical brow and 
side piers 

TWIN BUTTES DAM 
OUTLET WORKS INTAKE STRUCTURE' 

Circular Bellmouth Entrances 
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A. Recommended Design 

B. General view of the model 
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